Abstract: Hypericum perforatum (St John's wort) is a well known medicinal plant used in many pharmaceutical formulations and its main active compound is hypericin. The purpose of our study was to examine the plasma level of hypericin upon long term mice treatment with Hyperici herba extract. A reversible hyperthermia was recorded upon 2 hours of the extract administration, both in males and females. Hypericin plasma levels in mice were evaluated by HPLC analysis. In 1-month old mice, no significant gender differences in the hypericin plasma level were recorded. By contrast, at the age of 3-months, hypericin plasma levels are significantly more elevated in females (93 ± 7 ng/ml; n = 8, p < 0.05) than in males (32 ± 3 ng/ml; n = 9). In conclusion, gender specific precautions must be considered when Hypericum is prescribed in human patients. At the molecular level, it was proven that long-term human administration of St John's wort may result in diminished clinical effectiveness or increased dosage requirements for all CYP 3A4 substrates [4] . In addition, short term administration does not alter most of the circulating androgens, except for the 5 -reduced androgens [5] .
St John's wort (Hypericum perforatum) is an herbal remedy that is widely used in the treatment of depression. Hyperici herba is the aerial part collected during the flowering period from the well-known herb Hypericum perforatum. Recent clinical data have demonstrated that Hypericum perforatum extracts interfere with the action of various drugs and possibly also with combined oral contraceptives.
Co-administration of Hypericum and oral contraceptives may increase unintended pregnancy risk [1] , seven cases being reported by the United Kingdom authorities [2] . The Medical Products Agency from Sweden received eight reports of intermenstrual bleedings and one of changed menstrual bleeding from manufacturers of St John's wort products [3] ; in Switzerland have been reported similar clinical cases [1] .
At the molecular level, it was proven that long-term human administration of St John's wort may result in diminished clinical effectiveness or increased dosage requirements for all CYP 3A4 substrates [4] . In addition, short term administration does not alter most of the circulating androgens, except for the 5 -reduced androgens [5] .
Daily treatment with either Hypericum extract (or hypericin alone) for 14 days significantly decreased plasma ACTH and corticosterone levels, but does not affect the plasma prolactin or LH levels [6] . Ze117 extract (low hyperforin content), does not interact with the pharmacokinetics of the hormonal components of the low-dose oral contraceptive [3, 7] . The procedures and protocol design are in accordance with the ethical guidelines and regulations of the European Union. In this study we have used 1, respectively 3 months old RAP mice of both sexes. Each group was subdivided into a control subgroup and a test subgroup, treated daily for a month. The control subgroup received hydro-alcoholic mixture (5% alcohol) and the test group received Hyperici herba hydro-alcoholic extract. The body weight was monitored at specific intervals 0, 1, 2, 4, and 12 weeks.
The Hyperici Herba extract was provided by Bionorica Company (Germany) and their HPLC analysis indicates a content of 0.19% hypericin, 0.25% pseudohypericin and 3.4% hyperforin. During one month oral administration, a daily total dose of 1500 mg/kg Hyperici was administered in 3 hits. Solubilisation was done in a mixture of 5% ethylic alcohol, 2% sucrose and deionized water (MilliQ). In order to increase the solubility, the extract was sonicated for 2 hours with a Soniprep 150 (Sanyo, Gallenkamp PLC, UK). In order to reduce photodamage effects, the whole solution was prepared at the beginning of the experiment, and maintained in dark conditions at 2-4 °C. The animals were sacrified at 24 hours after the last oral dose.
The body temperature was measured with a digital thermometer (LCD Digital, Prima Long) intra-anal at 0, 1, 2, 3 and 4-hours after the dosage administration. In the control group, the animals received daily a mixture of 5% ethylic alcohol, 2% sucrose and deionized water (MilliQ), and the body temperature was also monitored in order to substract from the alcohol influence.
Gender-Differences in Mice Hypericin Plasma Levels
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The retro-orbital blood sample prelevation was done at 0, 2, 4, 8 and 12 weeks. The samples were prelevated in EDTA treated tubes and centrifuged (6200 x g, 10 min). Plasma was transferred into other tubes and preserved in dark conditions at -20 °C until the HPLC analysis of the samples.
For the reverse phase chromatography, we have chosen a Kromasil 100-5C18 column (150 x 4.6 mm, Eka Chemicals A.B., Separation Products, Sweden). The mobile phase was mixed (Jasco LG-980-02) for a gradient of acetate buffer : acetonitril = 25 : 75 (v/v). The acetate buffer contains 1.68 x 10 -3 mg/ml CH 3 COONH 4 and 0.04 % acetic acid (pH = 5.0). The pump flow (Jasco PU-980), was maintained at 1.2 ml/min, and the temperature of the column at 45°C. In order to prepare the samples, 1 ml of plasma was mixed with 0.4 ml DMSO and 0.15 ml acetonitril, and shaken for 30 s. Then, 2.5 ml ethyl acetate : n-hexane (70 : 30, w/w) was added, and the samples were shaken for another 20 min. The organic superior layer was suctioned, and the residual layer was twice submitted to the same procedure. The organic layers resulted from the 1 st and 2 nd extraction were mixed and evaporated in nitrogen conditions at 40 °C. Resuspension was done in 175 μl mobile phase, followed by 15 min sonication. 100 μl was automatically injected (Waters 712 WISP, Millipore Corporation, USA) into the HPLC system. Hypericin was detected at ex = 315 nm, em = 590 nm (Spectra SYSTEM FL2000, Thermo separation). HPLC analysis of the hypericin indicated a retention time of 8.05 ± 0.20 min and the limit of detection was 5 ng/ml. The method of extraction was calibrated in the therapeutic range concentration (0.05 -0.1 g/ml) (see Fig. 2 inset) . Statistics was done in Prism by Student t-test (p < 0.05).
In our study, a maximal hyperthermia phenomenon was recorded 2 hours after the Hyperici herba administration. A general profile of the body temperature for all the tested animals is represented in Fig. (1) . From mean temperature profile one can notice the reversible character of the process. In should be mentioned that, two cases of hypothermia were reported in the 3-month old male group.
In each subgroup it was done the temperature profile and data are collected in Table 1 .
In our experiment, all environmental stress factors were eliminated, in order to avoid their influence on body temperature.
Similar data were reported for small Hypericum dietary doses (250 or 500 mg/kg, [8] ), but only for NMRI males. Hyperthemia doesn't seem be dependent of the mice genotype (i.e. NMRI mice and RAP mice). Behavioral tests (i.e. open field tests) indicated that Hypericum perforatum extract (250 or 500 mg/kg) components reduced the temperature difference recorded in stress-induced hyperthermia for BL6/C57J mice [9] ; no effect was detected for higher (750 or 1000 mg/kg) or lower (125 mg/kg) doses.
In rats, the Hypericum-induced hyperthermia was also recorded [8] . In humans, an extreme clinical case was reported for a 22-year man that had fever and ulceration of the oral mucosa upon a daily treatment with 1000 mg/day flowering herbs Hypericum [10] .
Blood samples were prelevated from the males and females that underwent the body temperature monitoring, and the HPLC analysis for hypericin content evaluation was done.
At 1-month age, no significant gender differences in the plasma level were recorded (22 ± 2 ng/ml, n = 8, for males compared to 17 ± 1 ng/ml, n = 8, for females, p = 0.11). By contrast, at 3-month age, hypericin plasma levels for females (93 ± 7 ng/ml; n = 8) is significantly more elevated than for males (32 ± 3 ng/ml; n = 9, p < 0.05) (Fig. 2) .
The drug safety of Hypericum might be questionable. In comedication, the transient temperature fluctuations induced by its oral administration can determine a drug-enhanced absorption. In addition, the plasma gender differences resulted from our study could be important when Hypericum extract is co-administered with oral contraceptives and other 
